Abstract -Four diets based on different vegetal protein concentrates: soya bean meal 48 (SB48 diet), soya bean protein concentrate (SB61 diet), sunflower meal 36 (SF36 diet) and a combination of soya bean meal 48 and potato protein concentrate (SB48-P77 diet) were formulated for the starter period (25-39 days) in early weaned rabbits (25 days of age). These sources of protein accounted for 30% of the total dietary crude protein (CP) content. All diets were formulated to be isonutritive and to meet or exceed all the essential nutrient requirements of growing rabbits. A feeding trial was conducted to measure the effect of the treatments on growth performance in 204 rabbits that were fed ad libitum the experimental diets in the starter period and thereafter received a common feed until 60 d of age. Faecal and ileal apparent digestibility of dry matter (DM) and CP (9 and 7 replicates, respectively) were determined at 35 d of age. The weights and pH of the stomach and caecal contents, ammonia concentration in the caecum and jejunal morphology were also determined (11 rabbits per diet). The treatments did not affect faecal DM and CP digestibility. However, the source of protein affected ileal digestibilities of DM and CP (P < 0.04), which were around 14 and 7% higher for SB61 and SF36 diets, respectively, than for the SB48 diet, whereas the values obtained for the SB48-P77 diet were intermediate. The ileal flux of CP and the N-NH 3 caecal concentration were (P = 0.08 and 0.05, respectively) affected by the source of protein. The highest values were observed in animals fed the SB48-P77 diet, increasing by around 25 and 35%, respectively, compared to the other three diets. The treatments had no effect on digestive traits and jejunal morphology. The differences in ileal digestion efficacy among treatments led to differences (P = 0.008) in food efficiency the first week after weaning, which was higher (10%, as average) in animals fed the SB61 diet than that observed for animals fed the SB48 and SB48-P77 diets, whereas the value obtained for SF36 was intermediate. In this period, the type of diet tended (P = 0.08) to affect daily gain and food efficiency, with the lowest values obtained for the SB48 diet. The treatments had no effect on mortality in the first two weeks after weaning. However, mortality in the whole fattening period was affected by protein source (P = 0.03), since it was higher in animals fed the SB48-P77 diet after weaning than the animals fed the other three diets (34.6 vs. 16.7%, respectively). In conclusion, SF36 and SB61 are the sources of protein that led 461 * Corresponding author: cdeblas@pan.etsia.upm.es Anim. Res. 52 (2003) DOI: 10.1051 to the best growth performances and the lowest mortality rate. The higher efficiency obtained for these feeds might be mainly related to its higher ileal (CP) digestibility.
INTRODUCTION
Early weaning has a potential interest for commercial farms, since it decreases the risks of neonatal infections [22] , and reduces the energy deficit of rabbit does [25] .
The digestive capability of young rabbits might, however, be insufficient, and might require the design of appropriate starter diets.
The type of protein is a major restraint in these kinds of feeds, since gastric acidity could be not enough to allow a maximal pepsin activity [3, 26] . Furthermore, gastric and pancreatic protease activities are lower in young than in adult animals [8] and could decrease protein ileal digestibility. An increase of protein ileal flux has been related to the proliferation of Clostridia and E. Coli in the hindgut [4, 16] . Furthermore, an 462 I. Gutiérrez et al. increase of mortality was observed around the weaning period in rabbits fed diets containing a high proportion of soya bean meal with respect to diets based on animal protein [21] . In the same way, Gutiérrez et al. [13, 14] have observed a positive effect of the substitution of soya bean meal with animal plasma in starter diets for early weaned rabbits on intestinal morphology, intake and growth performance. These results suggest that the influence of the type of protein on performance might be higher in young than in adult animals. In this context, the objective of this work was to compare traditional (soya bean and sunflower meal) with highly digestible (soya bean and potato protein concentrates) sources of protein in starter diets for early weaned rabbits.
MATERIALS AND METHODS

Diets
Four diets based on different vegetal protein concentrates were formulated: soya bean meal 48 (SB48 diet), soya bean protein concentrate (SB61 diet) (Soycomil P-economy ® , Loders Croklaan, Wormerveer, Holland), sunflower meal 36 (SF36 diet) and a combination of soya bean meal 48 and potato protein concentrate (Protamyl PF ® , AVEBE Corporate, Holland) (SB48-P77 diet). The level of inclusion of potato protein concentrate was limited because of its solanine content, which has been proven to impair piglet performance when it is included above 3% in the diet [19] . These sources of protein accounted for 30% of the total dietary crude protein content. The chemical composition of the protein concentrates is shown in Table I . The diets were formulated to be isonutritive and to meet or exceed the essential nutrient requirements of growing rabbits [6] . All the diets were supplemented with a mixture of 100 ppm of Zn-bacitracin and 60 ppm of apramycin sulphate, and 6.5 g·kg -1 of alfalfa hay marked with Yb 2 O 3 following the procedures described by García et al. [10] . The diets were pelleted and animals were given ad libitum access to feed in all the trials. The ingredients and chemical composition of the diets are shown in Table II .
Animals and housing
All the experiments were carried out with New Zealand × Californian rabbits weaned at 25 d of age. No control of sex was done in any trial. The animals were housed Sources of protein in ealy-weaned rabbits 463 
Digestibility trial
Thirty-six rabbits weighing 559 ± 38 (SE) g at 25 d of age, were blocked by litter and assigned at random to the experimental diets (9 per diet) to determine the apparent digestibility of dry matter (DM) and crude protein (CP). Following a one-week adaptation period, the feed intake and total faecal output (caecotrophy was not prevented) were recorded from 32 to 36 d of age for each rabbit.
Ileal digestibility trial
Fifty-six rabbits weighing 437 ± 30 (SE) g at 25 d of age were blocked by litter and assigned at random to the experimental diets (14 per diet) to determine the ileal apparent digestibility of DM and CP. Daily gain and feed intake were recorded for each rabbit during a 10-d adaptation period. Following the adaptation period, the animals weighing 849 ± 46 g were slaughtered by cervical dislocation between 19:00 and 21:00 h to avoid caecotrophy influence on the chemical composition of the ileal digesta [20] . The last 20 cm of the ileum were taken and the ileal contents were removed, frozen and freeze-dried. The samples were then ground and, because of the small quantity of the sample, pooled in groups of two rabbits of the same treatment 2 Calculated from ingredient composition according to FEDNA [9] . 3 pH of 0.5 g DM suspended in 50 mL distilled water. 4 Acid-buffering capacity: microequivalents of HCl required to lower pH of 0.5 g DM suspended in 50 mL distilled water to pH 2, divided by total pH change (initial pH minus 2). 
Digestion traits
Forty-four rabbits weighing 429 ± 28 (SE) g at 25 d of age were blocked by litter and assigned at random to the experimental diets (11 per treatment). At 35 d, the animals were slaughtered between 19:00 and 21:00 h weighing 826 ± 45 g. Weight gain and feed intake were registered throughout the 10-d feeding period. After slaughter, a sample of 5 cm was taken from the middle of the jejunum. The intestinal histology was measured according to Hampson [17] . Jejunal samples were rinsed with a solution of 0.4 M KCl and were placed into a 10% buffered neutral formaldehyde solution (pH 7.2-7.4). All samples were gradually dehydrated through an increasing concentration of ethyl alcohol (50-100%). These specimens were first embedded in paraffin, and the samples were prepared by sectioning at 6 µm and stained with hematoxylin and eosin. Both villus height and crypt depth were determined in four jejunal cross-sections per animal by averaging at least 15 measurements. The gastrointestinal tract was removed and the stomach and caecum were weighed with and without their contents. The pH of caecal and stomach contents was measured. In the stomach digesta, three measurements of pH were taken: in the pyloric and fundus areas, and in the mixture of both areas. After that, a sample of caecal contents was centrifuged at 25 000 × g at 0 ºC for 10 min. The supernatant fluid was acidified with a solution of 0.2 M hydrochloric acid (1 mL per mL), and then frozen until ammonia determination.
Growth trial
Two hundred and four rabbits weighing 500 ± 16 (SE) g at 25 d of age were blocked by litter and assigned at random to the different treatments (51 per diet). After weaning, the rabbits were individually caged and were fed the experimental diets through a two-week period. After that, all the animals were fed a commercial feed (CUNIUNIC ® , NANTA, S.A.: 170 g CP, 144 g starch, 373 g neutral detergent fibre and 49 g acid detergent lignin per kg, 100 ppm of Zn-bacitracin) until they reached the slaughter age (60 days). Feed intake, weight of the rabbits and mortality rate at days 7 and 14 after weaning and at 60 days of age were recorded per cage. Another group of two hundred and forty-eight rabbits weighing 498 ± 17 (SE) g at 25 d of age were blocked by litter and assigned at random to the different treatments (62 per diet). After weaning, the rabbits were caged in pairs of the same litter and only mortality was controlled.
Analytical methods
Procedures of the AOAC [1] were used for DM (930.15), CP (954.01), and starch (amyloglucosidase-α-amylase method, 996.11). Neutral detergent fibre, acid detergent fibre, and acid detergent lignin were determined according to the sequential procedure of Van Soest et al. [24] . The acid-buffering capacity and pH of the diets were determined according to Jasaitis et al. [18] . The procedure of Das and Arora [5] was used to determine the hydration capacity of the diets. The ytterbium contents of the marked diets and faeces were analysed by atomic absorption (Yb) spectrometry (Smith-Hieftje 22, Thermo Jarrell Ash, MA, USA) using predosed samples of 466 I. Gutiérrez et al. faeces to prepare common-matrix standards. Previously, samples were ashed (550 o C) and then digested by boiling with a solution of 1.5 M HNO 3 and KCl (3.81 g·L -1 ). Caecal ammonia was analysed using an autoevaluation distillation unit. The samples were distilled with a solution of sodium tetraborate (2.5%), collected on boric acid solution (1%), and titrated with hydrochloric acid (0.01 N) and a colour indicator.
Statistical analysis
The data were analysed as a completely randomised block design with the litter as a block effect. The main factor studied was the source of protein. Weaning weight was used as a linear covariate in all the growth traits studied. The data are presented in tables as least-square means. The protected LSD test was used to make mean comparisons among treatments. The General Linear Model (GLM) procedure of SAS (Statistical Analysis Systems Institute Inc., Cary, NC) was used for all the statistical analyses.
RESULTS
Digestibility
The effect of the treatments on apparent faecal and ileal digestibility is shown in Table III. Food intake from 32 to 35 days of age was not affected by the treatments and averaged 82 g DM·d -1 . The treatments did not affect faecal DM and CP digestibility (P = 0.81 and 0.95, respectively), which were on average 65.4 and 77.4%, respectively. The type of the diet affected ileal digestibilities of DM and CP (P = 0.03 and P = 0.04, respectively), which were around 14 and 7% higher for SB61 and SF36 diets, respectively, than for the SB48 diet, whereas the values obtained for the SB48-P77 diet were intermediate and did not differ (P > 0.05) with respect to the other three diets. The ileal flux of CP tended (P = 0.08) to be affected by the source of the protein, increasing by around 25% in animals fed the SB48-P77 diet compared to the other three diets.
Sources of protein in ealy-weaned rabbits 467 
Digestion traits
The effect of the treatments on several digestion traits and jejunal morphology is shown in Table IV . The caecal concentration of N-NH 3 was 47% higher (P = 0.0087) in animals fed the SB48-P77 diet with respect to the animals fed the SB61 diet, whereas the animals fed the SB48 and SF36 diets showed intermediate values. The treatments had no effect on stomach pH (on average 1.59, 2.71 and 2.25 for the pylorus, fundus and the mixed digesta, respectively), caecal pH (5.51, on average), weight of the stomach and stomach content, and caecum and caecum content (1.49, 3.74, 2.11 and 7.87% BW, on average, respectively).
The treatments did not affect the villus height, crypt depth and the ratio villus height/crypt depth, which were on average 494 µm, 73.1 µm and 7.21, respectively.
Growth performance
The effect of the treatments on growth performance and mortality is shown in Table V. Food efficiency the first week after weaning was affected by the treatments (P = 0.008) and was 9 and 11% higher in animals fed the SB61 diet than that observed for animals fed the SB48 and SB48-P77 diets, respectively, whereas the value obtained for the SF36 diet did not differ from those obtained with the SB48 and SB61 diets and was 7% higher than that observed for the SB48-P77 diet. In this period, the type of diet tended (P = 0.08) to affect daily gain and food intake, with the lowest values obtained for the SB48 diet. Differences 468 I. Gutiérrez et al. among treatments for all these traits decreased when it was considered the whole post-weaning period (up to 39 d of age) or the whole fattening period (up to 60 d of age), but food efficiency still remained lower for the animals fed SB48 and SB48-P77 than for the animals fed the other treatments.
The treatments had no effect on mortality in the first two weeks after weaning (P = 0.31). However, mortality in the whole fattening period was affected by the source of protein (P = 0.03), since it was higher in the animals fed the SB48-P77 diet after weaning than the animals fed the other three diets (34.6 vs. 16.7%, respectively).
DISCUSSION
The treatments had no effect on stomach pH that showed low values, which were similar to those previously determined by García et al. [11] and Gutiérrez et al. [15] . These acid values of pH suggest an adequate pepsinogen activation in the stomach content in early weaned 35-d old rabbits.
The treatments had no effect on jejunal morphology although SB48 was substituted with low antigenic sources of protein.
However, the sources of protein used in this work influenced ileal apparent digestibility of crude protein. This effect might reflect differences in the small intestinal digestion efficiency, but might also be related to Sources of protein in ealy-weaned rabbits 469 differences in the ileal flux of endogenous nitrogen. According to García et al. [12] endogenous nitrogen flow at the ileum is high in rabbits and accounts for 60-80% of the total ileal flow of nitrogen, and could be affected by differences in the presence of antinutritive factors or type of fibre among protein sources as occurs in pigs [2] . The differences in ileal digestibility of protein and protein intake among treatments led to wide differences in the ileal flow of crude protein (from 4.29 to 5.83 g·d -1 ), which tended to be positively related to mortality from 25 to 39 d of age (r = 0.94; P = 0.057; n = 4) and in the whole fattening period (25-60 d of age) (r = 0.92; P = 0.081; n = 4). In this way, animals fed the SB48-P77 diet showed the highest ileal flow of protein, concentration of caecal N-NH 3 and mortality. On the contrary, animals fed the SB61 and SF36 diets showed the lowest values for these traits, whereas the animals fed the SB48 diet had an intermediate behaviour. This is in agreement with previous works in which mortality increased when the diets contained an excess of dietary protein [7] and high amounts of protein could reach the caecum promoting the proliferation of Clostridia in the caecum [16] . Scheele and Bolder [21] also reported an increase of mortality in diets containing soya bean meal compared to those based on animal sources of protein.
In this context, the lack of an effect of sources of protein on apparent faecal digestibility of crude protein emphasises the interest of determining ileal digestibility. Caecal digestion can be estimated by the difference of these two values obtaining the following: 19.9, 11.4, 13.1 and 16.2% for DM and 12.0, 6.9, 6.1 and 9.4 for CP, for SB48, SB61, SF36 and SB48-P77 diets, respectively. These results show a higher caecal digestion of DM and CP for animals fed SB48 and SB48-P77 diets compared to those fed SB61 and SF36 diets. In the case of caecal DM digestibility, this effect might be explained by the significant presence of oligosaccharides and resistant starch in SB48 and P77, respectively. In the case of caecal CP digestibility, differences could be related to a better caecal digestion of proteins that reach the caecum undigested due to the action of ANF or to a higher availability of energy for microorganisms.
Feed efficiency during the fattening period was impaired in animals fed the SB48-P77 diet with respect to those fed the SB61 and SF36 diets, whereas the animals fed the SB48 diet showed an intermediate value. These results might reflect differences in energy fermentation losses among diets, because of the differences in the daily amount of substrate able to be fermented by caecal microflora.
In conclusion, the protein source in isonitrogenous diets of young rabbits affects ileal apparent digestibility of protein. Subsequent variations in ileal protein flow were related to variations in feed efficiency and mortality rate among the treatments. Soya bean protein concentrate 61 and sunflower meal 36 showed the best results for feed efficiency. The mix of soya bean meal (48) and potato protein concentrate showed the worse results for feed efficiency and mortality. The results emphasize the importance of the protein source in the diets of early-weaned rabbits.
